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Crosslinklng agent and preparation of super absorbent resin / 

Abstract The present invention relates to a erosslinking agent and a method 
for preparing a super absorbent resin using the erosslinking agent The 
preparation of a erosslinking agent comprises the following steps: distilling 
polyethylene glycol having a molecular weight of from 200 to 1500 under 
vacuum, then reacting with metal sodium powder to obtain polyethylene glycol) 
sodium; using chloroform ae a solvent, and reacting polyethylene glyool) 
sodium with acryloyl chloride under certain conditions; and filtering the reaction 
mixture and distilling under vacuum to obtain a erosslinking agent of 
poly(ethylene glycol) diacrylate with a desired molecular weight. The method 
of preparing a super absorbent resin comprises the following steps; adding 
delonlzed water to acrylic acid monomer, partially neutralizing with sodium 
hydroxide, adding sodium 2-methyl-(2-acrylamldo)propane-$Ulfonate v feeding 
nitrogen gas; adding to the reaction solution the erosslinking agent; and adding 
a peroxide initiator and reacting to obtain the super absorbent resin. The 
erosslinking agent of the present Invention has a long molecular chain and a 
moderate activity. The super absorbent resin of the present application is 
homogeneously crosslinked, contains little linear soluble polymers, and has a 
high water absorption rate and a high water absorbency and a relatively high 
strength. 
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What is claimed Is: 

1. A method for preparing a crosslinking agent, comprising the following 
steps; 

(1) distilling a certain quantity of polyethylene glycol having a molecular weight 
of from 200 to 1500 under vacuum to remove water, adding the 
polyethylene glycol and metal sodium powder at mole ratio of 1 ; 2-4 to a 
reactor, and reacting under magnetic stirring for 1-3 hours, and separating 
to obtain polyethylene glycol) sodium; 

(2) using chloroform as a solvent, adding polyethylene glycol) sodium and 
acryloyl chloride at mole ratio of 1 : 2-3 to the reactor, and sealing the 
reactor end performing the reaction at 20-50*C for 4-8 hours under 
magnetically stirring; and 

(3) filtrating the reaction mixture to remove sodium chloride produced during 
reaction, then removing unreacted acryloyl chloride and solvent via vacuum 
distillation to obtain a colorless viscous liquid, i.e., a crossllnking agent of 
poly(ethylene glycol) diacrylate with a desired molecular weight 

2. A method for preparing a super absorbent resin using the crosslihking 
agent prepared In claim 1, comprising the following seeps: 

(1) adding deionized water to acrylic acid monomer at volume ratio of 0.5-6 :1 , 
partially neutralizing with sodium hydroxide to obtain an acrylic acid 
solution with a neutralization degree of 40-80%, adding sodium 
2-methyK2*aciYlamido)propane-sulfonate to the partially neutralized 
acrylic acid solution at ratio of 1 ; 0-5, feeding nitrogen gas at a flux of 
15-50 l/h, and stirring for uniformly mfxlng; 

(2) adding to the reaction solution the crosslinklng agent polyethylene 
gtycoQdiacrylate with a desired molecular weight and having an amount of 
0.05-0.5% based on the total mole of acrylic add monomers and 

2 
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2-m9thyl-(2-acrytamldo)p*>pane-3Ulfona», and stirring for uniformly mixing; 
and 

(3) adding a peroxide Initiator having an amount 0.05-1% based on the total 
mass of monomers to the reactor, stirring for uniformly mixing, reacting at 
50-80-C for 0,5-2 hours, taking out the reaction product from the reactor, 
and keeping at a temperature of 100±5°C for 1-2 hours, and pulverizing to 
obtain a fine super absorbent resin. 

3. The method for preparing a super absorbent resin according to claim 2, 
wherein the peroxide initiator In step (3) Is any one of sodium persulfate, 
potassium persulfate, ammonium persulfate, hydrogen peroxide, tert-butyl 
hydroperoxide and cumene hydroperoxide. 
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Crosslinking agent and preparation of super absorbent resin / 
Technical Field 

The present invention relates to a crosslinking agent and a method for 
preparing a super absort>ent resin using the crosslinking agent, and belongs to 
the high molecular material field. 
Background Art 

Super absorbent resin Is a functional high molecular material capable of 
absorbing water several hundreds to several thousands times higher than Its 
weight. In recent twenty years, It has been developed rapidly. Oorssllnking 
agent plays an important role In the preparation of high absorbent resin and 
greatly affects the performance of high absorbent resin. Crosslinking agent 
refers to a compound containing two or more reactlvely active functional 
groups and can crosslink other monomers by polycondenaation or free-radical 
polymerization. At present, a plurality of vinyl crosslinking agents, e.g. propyl 
(meth)acrylate, polyethylene(meth)acrylate, N-methyl-N-vinyl-acrylate, 
p-divinyl benzene, N,N'-methylene-bl8-(meth)acrylate, 

n,n'-ethylene-bis-<meth)acrylate, trimethylolpropane dl(meth)acrylate, 
N.NWIallylacrylamlde, diallyloxy acetate, glycol di(meth)acrylate. triallylamlne. 
trimethylolpropane trl(meth)acrylate, glycerol trl(meth)acrylate, glycerol 
aerylate methacrylate, triatty cyanurate, tetraallyloxyethane, pentaerythritol 
tetra(meth)serylate, end dlpentaerythritol hexa(me1h)acry!ate, etc., have a high 
reactive activity, cause a high corsslinking density at initial reaction phase and 
little corsslinking reaction at post reaction phase, and linear soluble polymers 
are mainly produced to cover polymeric gel, thereby resulting in a poor 
hydroBcopiclty. The reference (D.J. Arriola, S,S. Cutie, D.E. Henton et el, 
Journal of Applied Polymer Science, 1997, 63(4):139) disclosed a method for 
preparing a super absorbent resin, while non-homologous crosslinking 
reaction produced and smell crosslinking meshes appeared, and a super 
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absorbent resin with a good hydroscopiclty was not obtained. 

When the crosslinking agent N,N'-methyl©no-bls-acrylamide was used, for 
example, in JP60-1G14D9 and US4S425527 f the super absorbent resin 
prepared by polymerizing acrylic acid and acrylarmde for more than 4 hours 
has a water absorbency in distilled water or In 1% NaCI solution of 600-1300 
g/g or 50-100 g/g. respectively; in CNB5103771, the super absorbent resin 
prepared from starch grafted acrylic acid can absorb water 2000 times higher 
that Its weight; in the reference (Wen-Fu Lee et al, Journal of Applied Polymer 
Science, 1907, 64(9): 1701-1712), the super absorbent resin prepared from 
acrylic acid and sodium 3-dimethyl-(2-methylacryioyloxyethyl)ammonlum 
propane sulfonate has a water absorbency in distilled water or In 0.9% NaCI 
solution of 1435 g/g or 96 g/g, respectively. 

Contents of the Invention 

The object of the present Invention Is to provide a crosslinking agent and a 
method for preparing a super absorbent resin using the crosslinking agent 
The present aims to prepare a series of crosslinking agents which have a 
different chain length end a suitable reactive activity and can be used to 
preparing super absorbent resin to overcome the disadvantages of the 
crosslinking agents in the prior art. and to prepare super absorbent resins 
which have a good water absorption performance and are easy Jto be 
controlled to meet the requirements in different fields. 

In the invention, a crosslinking agent polyethylene glycol)dlacrylate was 
prepared at first, then a super absorbent resin was prepared using the 
crosslinking agent 

The method for preparing the crosslinking agent comprises the following 
steps: 

(1) distilling removing a certain quantity of polyethylene glycol having a 
molecular weight of from 200 to 1500 under vacuum to remove water, 



% 
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adding the polyethylene glycol and metal sodium powder at mole ratio of 1 ; 
2-4 into a reactor, and reacting under magnetic stirring for 1-3 hours, and 
separating to obtain polyethylene glycol) sodium; 

(2) using chloroform as a solvent, adding polyethylene glycol) sodium and 
acryloy! chloride at mole ratio of 1 : 2-3 to the reactor, and sealing the 
reactor and performing the reaction at 20-50°C for 4-8 hours under 
magnetically stirring; and 

(3) filtrating the reaction mixture to remove sodium chloride produced during 
reaction, then removing unreeoted acryloyl chloride and solvent via 
vacuum distillation to obtain a colorless viscous liquid, i.e., a crosslinking 
agent of polyethylene glycol) dlacrylate with a desired molecular weight 

The method for preparing a super absorbent resin using the crosslinking 
agent prepared comprises the following steps: 

(1) adding deionlzad water to acrylic acid monomers, wherein the volume of 
delonlzed water is 0.5*6 times as that of acrylic acid monomer, partially 
neutralizing with sodium hydroxide to obtain an acrylic acid solution with a 
neutralization degree of 40-80%, adding sodfum 
2-methyH2-acrylamido)propane-sulfbnate to the partially neutralized 
acrylic acid solution at ratio of 1 : 0-6, feeding nitrogen gas at a flux of 
15-50 l/h, and stirring for uniformly mixing; 

(2) adding to the reaction solution the crosslinking agent poly(ethy(ene 
glycol)dlacrylate with a desired molecular weight and having an amount of 
0.05-0.5% based on the total mole of acrylic acid monomers and 
2-methyK2-acrylamido)propane*sulfonate. and stirring for uniformly mixing; 
and 

(3) adding a peroxide Initiator having an amount 0.05-1% baaed on the total 
mass of monomers to the reactor, stirring for uniformly mixing, reacting at 
50-80°C for 0.5-2 hours, taking out the reaction product from the reactor, 
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and keeping at a temperature of 10Q±5*C for 1-2 hours, and pulverizing to 
obtain a fine super absorbent resin; 

wherein the peroxide Initiator in step (3) is any one of sodium persulfete, 
potassium peraulfate, ammonium peraulfate, hydrogen peroxide, tert-butyl 
hydroperoxide and cumene hydroperoxide. 

The orossllnklng agents and the super absorbent resins of the present 
application have the following advantages. 

(1) The raw materials for preparing the orossllnklng agents are plentiful and 
easily available, the preparing method Is simple and feasible, and the 
crosslinking agents per se have a moderate activity and are easy to be 
stored. 

(2) The crosslinking agents have a relatively longer chain; and the super 
absorbents have a bigger crossklinking meshes and a higher water 
absorption ratio, 

(3) The super absorbent resins are homogeneously crosslinked and contain 
little linear soluble polymers, so that they have a high water absorption rate. 

(4) The super absorbent resins have a water absorbency in distilled water or in 
0.9% NaCI solution of 1600-4010 g/g or 92-260 g/g, respectively, end the 
desired super absorbent resins can be prepared rapidly and simply, 

(5) The super absorbent resins have a high water absorbency in salt solution, 
and the aqueous gels still possess certain strength when they arrive at 
saturated extent of adsorption in salt solution. 

(6) The preparation of the super absorbent resins may be completed within 2 
hours, so that the reaction time is short and the yield Is high. In addition, the 
super absorbent resins are easy to be dried and crushed, which benefits to 
lower the production cost 

7 
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Ascription of drawings 

Figure 1 is a schematic diagram of synthesis route of a crossllnklng agent 

Rgure 2 Is a graph of the relationship between the water absorbency of a 
super absorbent resin In distilled water and 0.9% NaC! solution and the 
molecular weight of the cro9Slinking agent 

Example? 

1 . The preparation of crossllnklng agents 
Example 1 

Polyethylene glycol having a molecular weight of 200 was distilled under 
vacuum to remove water, then together with metal sodium powder at mole 
ratio of 1 : 2 were added to e reactor and a reaction were performed under 
magnetic stirring for 2 hours, and the reaction mixture was separated to obtain 
polyethylene glycol) sodium. Chloroform is used as a solvent, polyethylene 
glycol) sodium and acryloyl chloride at mole ratio of 1 : 2.2 were added to the 
reactor then the reactor was sealed and a reaction were performed at 20°C for 
4 hours under magnetic stirring. The final reaction mixture was filtered to 
remove sodium chloride produced during reaction, then unreacted acryloyl 
chloride and solvent was removed via vacuum distillation to obtain a colorless 
viscous liquid, i.e., a erosslinking agent of polyethylene glycbl)diacrylate. 

Example 2: 

Polyethylene glycol having a molecular weight of 1000 was distilled under 
vacuum to remove water, then together with metal sodium powder at mole 
ratio of 1 : 3 were added to a reactor and a reaction were performed under 
magnetic stirring for 2.5 hours, and the reaction mixture was separated to 
obtain pofy(ethylene glycol) sodium. Chloroform is used as a solvent, 
polyethylene glycol) sodium and acryloyl chloride at mole ratio of 1 : 2.6 were 
added to the reactor, then the reactor was sealed and a reaction were 



8 
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V 

performed at 30°C for 7 hours under magnetic stirring. The final reaction /)£. 
mixture was filtered to remove sodium chloride produced during reaction, then, 
unreacted acryloyl chloride and solvent was removed via vacuum distillation to 
obtain a colorless viscous liquid, i.e.. a crosslinking agent of poty(ethylen© 
glycol)diacryiate. 

Example 3: 

Polyethylene glycol having a molecular weight of 1500 was distilled under 
vacuum to remove water, then together with metal sodium powder at mole 
ratio of 1 : 2.5 were added to a reactor and a reaction were performed under 
magnetic stirring for 3 hours, and the reaction mixture was separated to obtain 
poly(ethylene glycol) sodium. Chloroform is used as a solvent, polyethylene 
glycol) sodium and acryloyl chloride at mole ratio of 1 : 3 were added to the 
reactor, then the reactor was sealed and a reaction were performed at S0*C for 
6 hours under magnetic stirring. The final reaction mixture was filtered to 
remove sodium chloride produced during reaction, then unreacted acryloyl 
chloride and solvent was removed via vacuum distillation to obtain a colorless 
viscous liquid, i.e., a crosslinfcing agent of polyethylene glycol)dlacrylate. 
2. The preparation of super absorbent resins 

Example 1: 

Delonlzed water was added to acrylic acid monomer at a volume ratio of 
0.5 : 1 to obtain a solution, then the solution was partially neutralized with 
sodium hydroxide to obtain an acrylic acid solution with a neutralization degree 
of 50%. Sodium 2-methyl-(2-acrylamido)propane-sulfonate was added to the 
partially neutralized aorylic acid solution at ratio of 1 : 0.1, and then nitrogen 
gas was fed at a flux of 20 l/h under stirring for uniformly mbdng. The 
crossllnklng agent poly(ethyiene glycol)diacrylate (the molecular weight of 
polyethylene alcohol Is 1500) having an amount of 0.3% based on the total 
mole of acrylic acid monomers and 2-methyl-(2-aerylamido)propane-sulfonat© 
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was added to the reaction solution under stirring for uniformly mixing, and then 
ammonium penjulfate initiator having amount of 0,1% based on the total mass 
of monomers was added under stirring for uniformly mixing, and a reaction 
was performed at SS°C for 2 hours. The reaction mixture was taken out from 
the reactor, then hold at a temperature of 100±5°C for 1 hour, and pulverized to 
obtain a super absorbent resin. The water absorbency of the super absorbent 
resin In distilled water and 0.0% NaCl solution, measured by weighing method, 
is 3830 g/g or 106 g/g, respectively. 

Example 2: 

Delonlzed water was added to acrylic acid monomer at a volume ratio of 1 ; 
1 to obtain a solution, then the solution was partially neutralized with sodium 
hydroxide to obtain an acrylic acid solution with a neutralization degree of 80%, 
Sodium 2-methyK2-acryla^ldo)propane-sutfonate was added to the partially 
neutralized acrylic acid solution at ratio of 1 : 1, and then nitrogen gas was fed 
at a flux of 15 «/h under stirring for uniformly mixing. The crosslinking agent 
poly(ethylene glycol)dlacrylate (the molecular weight of polyethylene alcohol is 
1000) having an amount of 0.4% based on the total mole of ©cry lie acid 
monomers and 2-methyH2-acrytamido)propane-sulfonate was added to the 
reaction solution under stirring for uniformly mixing, and then ammonium 
perauffate Initiator having amount of 0.3% based on the total mass of 
monomers was added under stirring for uniformly mixing, and a reaction was 
performed at 60°C for 1 hour The reaction mixture waa taken out from the 
reactor, then hold at a temperature of 100±5 D C for 1.5 hours, and pulverized to 
obtain a super absorbent resin. Tha water absorbency of the super absorbent 
resin in distilled water and 0.9% NaCi solution, measured by weighing method, 
Is 35200 g/g or 200 g/g, respectively. 

Example 3: 

Delonlzed water was added to acrylic add monomer at a volume ratio of 1 : 
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3 to obtain a solution, then the solution was partially neutralized with sodium 
hydroxide to obtain an acrylic add solution with a neutralization degree of 80%. 
Sodium 2-methyl-(2-acrylam1do)propan^sulfonate was added to the partially 
neutralized acrylic acid solution at ratio of 1 : 3, and then nitrogen gas was fed 
at a flux of 30 l/h under stirring for uniformly mixing. The cnwsflnklng agent 
polyethylene g1ycol)diaciylate (the molecular weight of polyethylene alcohol is 
200) having an amount of 0.02% based on the total mole of acrylic acid 
monomer* and 2-methyl'(2-acrylamldo)propane-8ulfonate was added to the 
reaction solution under stirring for unifon-nly mixing, and then ammonium 
persulfate initiator having amount of 0.5% based on the total mass of 
monomers was added under stirring for uniformly mixing, and a reaction was 
performed at 70*C for 1 hour. The reaction mixture was taken out from the 
reactor, then hold at a temperature of 100±5*C for 2 hours, and pulverized to 
obtain a super absorbent resin. The water absortoency of the super absorbent 
resin In distilled water and 0.B% NaCI solution, measured by weighing method, 
is 1 600 g/g or 1 85 g/g, respectively. 

Example 4: 

Deionized water was added to acrylic acid monomer at a volume ratio of 5 : 1 
to obtain a solution, then the solution was partially neutralized with sodium 
hydroxide to obtain an acrylic add solution with a neutralization degree of 80%. 
Sodium 2-methyK2-acrylamIdo)propane-sulfonate was added to the partially 
neutralized acrylic acid solution at ratio of 1 : 5, and then nitrogen gas was fed 
at a flux of 40 l/h under stirring for uniformly mixing. The orossllnklng agent 
polyethylene glycOl)dlacrylate {the molecular weight of polyethylene alcohol Is 
600) having an amount of 0.06% based on the total mole of acrylic acid 
monomers and 2-methyl-(2-acryIamido)propane-sulfonate was added to the 
reaction solution under stirring for uniformly mixing, and then ammonium 
persuifate initiator having amount of 0.8% based on the total mass of 
monomers was added under stirring for uniformly mixing, and a reaction was 
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performed at 80»C for 40 minutes. The reaction mixture was taken out from the 
reactor, then hold at a temperature of 100±5°C for 2 hours, and pulverized to 
obtain a super absorbent resin. The water absorbency of the super absorbent 
resin in distilled water and 0.9% NaCI solution, measured by weighing method, 
is 2480 g/g or 238 g/g. respectively. 

Example 5: 

Qelonfzed water was added to acrylic add monomer at a volume ratio of 6 : 
1 to obtain a solution, then the solution was partially neutralized with eodlum 
hydroxide to obtain an acrylic acid solution with a neutralization degree of 70%. 
Nitrogen gas was fed at a flux of 15 l/h under stirring for uniformly mixing. The 
croS6llnklng agent polyethylene glycol)dlacrylate (the molecular weight of 
polyethylene alcohol is 1400) having an amount of 0.05% based on the total 
mole of acrylic acid monomers and 2-methyl-(2-acrylamido)propane-6ulfonate 
was added to the reaction solution under stirring for uniformly mixing, and then 
ammonium persulfate initiator having amount of 0.4% based on the total mass 
of monomers was added under stirring for uniformly mixing, and a reaction 
was performed at 65*C for 1.6 hours. The reaction mixture was taken out from 
the reactor, then hold at a temperature of 1 00±5"C for 1 .5 hour, and pulverized 
to obtain a super absorbent resin. The water absorbency of the super 
absorbent resin In distilled water and 0,9% NaCI solution, measured by 
weighing method, is 4010 g/g or 92 g/g, respectively. 
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